Background: Environmental risk factors for Clostridium difficile infections (CDIs) have been described at the room or unit level but not the hospital level. To understand the environmental risk factors for CDI, we investigated the association between institutional-and individual-level CDI. Methods: We performed a retrospective cohort study using the Healthcare Cost and Utilization Project state inpatient databases for California (2005)(2006)(2007)(2008)(2009)(2010)(2011). For each patient's hospital stay, we calculated the hospital CDI incidence rate corresponding to the patient's quarter of discharge, while excluding each patient's own CDI status. Adjusting for patient and hospital characteristics, we ran a pooled logistic regression to determine individual CDI risk attributable to the hospital's CDI rate. Results: There were 10,329,988 patients (26,086 cases and 10,303,902 noncases) who were analyzed. We found that a percentage point increase in the CDI incidence rate a patient encountered increased the odds of CDI by a factor of 1.182. Conclusions: As a point of comparison, a 1-percentage point increase in the CDI incidence rate that the patient encountered had roughly the same impact on their odds of acquiring CDI as a 55.8-day increase in their length of stay or a 60-year increase in age. Patients treated in hospitals with a higher CDI rate are more likely to acquire CDI.
Historically, the health care environment has been thought to contribute to the spread of CDI. Clostridium difficile spores can persist in health care environments for long periods of time [15] [16] [17] and are resistant to most disinfectants and cleaning agents. 18 Also, longer lengths of hospital stays have been associated with CDI, [19] [20] [21] and occupying a room previously occupied by a CDI patient has been associated with CDI. 22 Finally, CDI pressure, where pressure is characterized by a measure of the prevalence of CDI at the unit level, has been described as a risk factor for CDI. 23, 24 However, recent work using genome sequencing suggests that CDI symptomatic cases occurring within hospital settings are frequently not related, at least during times of endemic, nonoutbreak spread. 25 Most investigations of environmental risk factors as a cause of CDI were performed at single centers and focus on individual rooms or hospital units rather than the whole hospital environment. However, patients frequently travel throughout hospitals, as do the health care workers caring for them. [26] [27] [28] Therefore, unit-level measures of CDI incidence may fail to capture institution-wide risk and fail to address the possibility of an institutional-level environmental risk factor for CDI. Furthermore, the historical definition of a health care environment has been primarily focused on the physical environment: the presence or burden of spores. Perhaps a new, more expansive definition of the environment is needed: a definition that includes not only the physical environment but also the way health care is delivered within the unit or hospital.
Therefore, to gain a better understanding of the environment as a risk factor for CDI, we specifically investigated the association between the institutional incidence of CDI and CDI at an individual level. In other words, are patients hospitalized at institutions with a greater CDI incidence more likely to acquire CDI?
METHODS
This was a retrospective cohort study conducted using the Healthcare Cost and Utilization Project state inpatient database (SID) for the state of California from 2005-2011. Given the lack of personal identifiers in these data, the University of Iowa's Institutional Review Board considers this to be nonhuman subjects research. The SID contains records of inpatient discharges for community hospitals in California and covers all patients discharged between 2005 and 2011, regardless of payer type. Across the 7-year study window, these data comprise >27.9 million records. These records cover >9.6 million unique patients and 480 unique hospitals. Included are measures of a patient's principal and secondary diagnoses and procedures, demographics, length of stay (LOS), admission and discharge status, along with hospital charges and payment sources. The SID for California also features indicators on whether or not diagnoses contained in a patient record were present on admission (POA). Additionally, the California SID includes linking variables that allow multiple records of a given patient to be collected across time. Also, the set of all patient stays that occur in a specific hospital in a given month can be linked.
This study was restricted to adult patients age >18 years. CDI cases were identified by the presence of a CDI diagnosis, indicated by the ICD-9-CM code 008.45. Because this study is concerned with hospital-acquired CDI, POA indicators were used to exclude cases that were potentially community-acquired CDI. Only CDI observations indicated as not POA were considered as cases. Additionally, to eliminate possible confounding effects associated with recurrent CDI, only the first recorded case of CDI for each patient was included. Therefore, once a patient was identified as a CDI case, all subsequent observations from that patient were excluded. CDI noncases were defined as those records without the presence of any CDI diagnosis. Patient records were pooled across time; therefore, an individual patient could contribute a single case observation and multiple noncase observations prior to receiving an initial CDI diagnosis. All records that contained a missing visit-linking variable were excluded as either a case or noncase observation because these patients could not be followed across the studied period.
All occurrences of CDI, both primary and secondary, and regardless of POA status or recurrence, were used when calculating hospital incidence rates. Each of these occurrences of CDI represents a potential for spread within the hospital. For each patient's hospital stay, we calculated the hospital CDI incidence rate corresponding to the year and quarter the patient was discharged. Hospital incidence rates were calculated as a quarterly average for each discharge quarter. Importantly, each patient's own CDI status was excluded from this rate to eliminate any positive bias when estimating the effect that this rate had on the likelihood of acquiring a CDI in small hospital settings.
Data were collected on a range of variables that have been previously analyzed as risk factors associated with CDI. Patient demographics that were assessed include age, sex, and nonwhite race. Characteristics of a patient's stay included LOS and a previous admission in the last 60 days. Procedures associated with CDI that were measured included dialysis, enteral feeding, intraabdominal or gastrointestinal procedures, mechanical ventilation, nasogastric tube insertion, and cancer chemotherapy. Finally, 2 sets of variables were used to measure a patient's comorbidities and severity of illness. First, we used the 30 Elixhauser comorbidity indicators created using ICD-9-CM codes that were developed for use with large administrative databases. 29 The 30 comorbidities were used as separate indicator variables in the multivariable analysis.
Second, we use the total number of procedures (NPR) and total number of diagnoses (NDX), excluding a CDI diagnosis, on a patient's record as a proxy measure for the patient's disease severity. We hypothesized that patients with more severe disease states will have a greater NDX and undergo a greater NPR during a stay. Because CDI patients would have one more recorded diagnosis, namely CDI, we excluded CDI diagnoses from the calculation of NPR. A thorough examination of the role of NDX and NPR in our analyses is given in Appendix 1.
In addition to patient-level characteristics, a number of hospitalspecific characteristics were imputed and analyzed as possible risk factors for CDI as well. Hospital size was computed by each hospitals' total number of discharges in a given quarter. Hospital size was then broken into quintiles for analysis. Average patient age along with the average number of elderly and Medicaid patients were also calculated corresponding to each discharge quarter.
We first conducted a univariable analysis to compare differences between CDI case patients and noncase patients without CDI. The significance differences between case and noncase patients for each risk factor was assessed using a χ 2 test, for categorical variables, and the Mann-Whitney U test, for quantitative variables. To analyze the effect of hospital CDI incidence on risk of CDI, while controlling for the effects of these risk factors, a multivariable analysis was conducted using logistic regression. Because patients could have multiple admissions over the 6-year study interval, the analysis was conducted as a pooled logistic regression, in a manner similar to the Framingham study cohort. 30 In this setup, multiple admissions from a single patient that occurred prior to, and including, a first CDI diagnosis were treated as independent observations. This method has been previously used to analyze the risk factors associated with CDI. 31 All statistical analyses were carried out using Stata SE version 13.1 (StataCorp, College Station, TX).
We conducted 2 sensitivity analyses. The first was to confirm that our results were not being driven by the omission of hospitalacquired CDI cases that were assigned as POA. To do this, we reestimated our multivariable model using secondary cases of CDI, rather than using only those coded as not POA. Second, in our original analysis, we dropped a substantial number of observations without a hospital visit within 60 days (>8 million). Therefore, for our second sensitivity analysis, we re-estimated our models including observations without previous visits.
RESULTS
The initial study population consisted of a total of 22,312,704 adult patients. Of these observations, 19,886,755 met all inclusion criteria, with 35,170 case observations identified as having a CDI marked as not POA and 19,851,585 noncase observations having no current, or previous, indication of CDI. A total of 10,329,988 of the observations (26,086 cases and 10,303,902 noncases) did not have missing values for any of the risk factors that were analyzed. There were 8,111,828 observations excluded because they had no previous visit. These observations constituted the final study population that was used in the multivariable analysis. Table 1 provides a summary of the hospital CDI incidence rates (per 100 patients). In this table, CDI incidence is summarized across all patients with CDI coded not POA, all patients without any CDI, all patients (with or without any CDI), and hospital discharge quarters. The incidence rate encountered by cases was significantly greater (P < .0001) than the rate encountered by noncases. The mean and median CDI incidence rates that was encountered by cases were 1.69% and 1.04%, respectively, whereas the rates encountered by noncases were 0.89% and 0.79%, respectively. Similarly, the first and third quartile incidence rates were greater for CDI cases than for the noncases. CDI incidence rates across hospital discharge quarters ranged from 0%-31.13%, with mean and median rates of 1.06% and 0.59%, respectively.
Nearly all of the variables analyzed were significantly different between cases and noncases in this univariable analysis. The CDI incidence that patients encountered was significantly greater among patients with CDI. Previously suggested risk factors for CDI, including LOS, previous admission within 60 days, intra-abdominal or gastrointestinal procedures, mechanical ventilation, nasogastric tube insertion, dialysis, cancer chemotherapy, along with enteral and parenteral nutrition, were all greater or more common among patients with CDI. Similarly, the nonroutine admission sources, from another hospital, a skilled nursing or immediate care, or emergency department, each occurred more frequently among CDI case patients. As hypothesized, both the mean NPR and NDX were greater among patients with CDI, and all but one of the comorbidity indicators (ie, drug abuse) were more common among case patients. Female sex and nonwhite race were less common among patients with CDI. Relatively more CDI cases occurred at small (<299 discharges per quarter) and large (>4,166 discharges per quarter) hospitals. CDI cases occurred more frequently at hospitals with older patient populations, higher percentages of elderly patients, and lower percentages of Medicaid patients.
The variables that were significantly associated with CDI (α < .05) in the final multivariable model are presented in Table 2 . Consistent with the univariable findings, LOS, previous admission within 60 days, NPR, and NDX were associated with a significant increase in the odds of CDI, whereas nonwhite race was associated with decreased odds of CDI. In the multivariable results, female patients had increased odds of CDI. Adults <45 years of age had the lowest odds of CDI, and the odds of CDI increased with each consecutive age group >45 years old. Admission from another hospital or from skilled nursing or intermediate care were both associated with increased odds of CDI. Procedures that remained associated with increased odds of CDI included intra-abdominal or gastrointestinal procedure, mechanical ventilation, dialysis, cancer chemotherapy, and enteral or parenteral nutrition. In the univariable comparison, 27 out of 30 comorbidity indicators were significantly more common among patients with CDI. However, in the multivariable analysis, only 8 of the comorbidity indicators remained associated with increased odds of CDI, 13 were associated with decreased odds, and 9 were not significant. Further discussion of these variables is given in Appendix 1. Patients had increased odds of CDI as hospital size and hospital average patient age increased and had decreased odds of CDI at hospitals that treated a greater percentage of elderly patients and patients with Medicaid.
As suggested by the univariable analysis, the CDI incidence that a patient encountered in the hospital continued to be strongly associated with a significant increase in his or her odds for CDI when we controlled for other factors. The results of the multivariable analysis found that a percentage point increase in the CDI incidence rate a patient encountered increased his or her odds of CDI by a multiplicative factor of 1.182. As a striking basis for comparison, a one percentage point increase in the CDI incidence rate that a patient encountered had roughly the same impact on their odds of acquiring a CDI as a 55.8-day increase in their LOS or a 60-year increase in age. For our first sensitivity analysis, we examined the influence of POA indicators on our results. There were 35,170 CDI cases identified as having CDI not POA. We identified 151,244 total cases of CDI that also met our other inclusion criteria, 112,127 of which had CDI assigned as a secondary diagnosis. Therefore, the number of CDI cases identified as not POA appears markedly low, given previous findings on the prevalence of hospital-acquired CDI. A total of 85,968 CDI cases coded as secondary or not POA met all inclusion criteria and did not have missing values for any variables. When these secondary CDI cases were included in the model, CDI incidence remained associated with a significant increase in the odds of CDI and had a similar effect size, with an odds ratio of 1.156. Although the effect of CDI incidence was slightly diminished, this is likely because of secondary CDI status capturing some CDI cases that were community associated.
Finally, our second sensitivity analysis including a larger data set (18,441,816 observations) produced results that were nearly identical to the original results. For example, the estimated odds of acquiring CDI were 1.186 for each percentage point increase in CDI incidence that the patient encountered.
CONCLUSIONS
Our results demonstrate that the odds of acquiring CDI during a hospital stay are strongly associated with the rate of CDI at that particular hospital. This risk remains significant even after adjusting for a wide range of both patient and hospital characteristics. Our model suggests that a mere one percentage point increase in a hospital's CDI rate significantly increases an individual's odds of acquiring CDI. The clinical significance of our result can be interpreted by comparing this result to the effects of more traditional CDI risk factors. For example, a one percentage point increase in the institution's CDI rate increases a patient's odds of acquiring CDI as much as an increase of 6 decades of age or adding >50 days to the patient's LOS. Finally a one percentage point increase in a hospital's CDI rate was associated with more risk than most of the comorbidities we considered, with all but a few exceptions, and the risk from the institution's rate remained significant controlling for other institutional risk factors known to be associated with CDI (eg, transfer from a skilled nursing facility).
A patient's environment has long been associated with risk of CDI. Spores can exist for long periods of time on inanimate objects and hospital surfaces. 15, 16 During CDI outbreaks, gowning and gloving of health care workers has helped prevent transmission. 32 Also, epidemiologic studies within health care settings have implicated the environment for CDI spread, with roommates of CDI patients or patients occupying a room after a CDI patient being more likely to acquire the disease, 22, 33 and patients on units with more CDI being at greater risk. 31 However, a study in a large health care system showed that most CDI cases were not genetically related, at least not the symptomatic cases of CDI, 25 indicating that patient-to-patient spread may not be as common as previously thought.
Our results, however, suggest that the environment plays a role as a risk factor for CDI. However, perhaps, the definition of the health care environment needs to be expanded. The health care environment represents more than patients in close proximity. Patients closely related in a hospital setting are more likely to be treated by the same physicians with the same practice patterns and styles. Given that antibiotic use is a major risk factor for CDI, it is conceivable that some of the environmental risk may be secondary to local antibiotic prescribing patterns. For example, the risk for CDI is associated with the quantity of antibiotics used on a particular unit. 34 Unfortunately, we are unable to control for hospital-level antibiotic use directly because the family of Healthcare Cost and Utilization Project SIDs does not contain antibiotic prescribing. Therefore, we cannot rule out that a hospital's CDI rate is a surrogate marker for patterns of excessive antibiotic use. Indeed, we think this is probably likely and epidemiologically plausible.
There are several limitations associated with our study. First, we used administrative data to measure CDI. We do not know what medications these patients were taking, and we do not have microbiologic test results. We also do not know what type of CDI test was used, and rates of CDI depend on diagnostic tests that have changed over time. Also, with administrative data, it may be more difficult to ascertain whether cases of CDI were POA. Indeed, some cases of CDI appear to be acquired without any contact with the health care system. 35, 36 Second, we may be missing some CDI cases that are attributable to the hospital. 37 Third, we only considered the first recorded case of CDI for each patient. This represents a conservative estimate. Fourth, we only used data from California, and these results may not be generalizable to other areas. Finally, a limitation associated with all such modeling efforts is that the estimates we generate for individual CDI risk associated with hospital CDI rates should be interpreted with some caution: additional measures may be necessary to accurately estimate the effect size. Future work should consider a mixed effects model using hospital as a random effect.
Despite our limitations, we demonstrate that patients treated in hospitals with a higher rate of CDI are more likely to acquire CDI, even after controlling for a broad range of individual and institutional factors. An institution's CDI rate is easy to measure, easy to observe, and based on our analysis, an institution's CDI rate has implications for patients at an individual level.
APPENDIX 1 COMORBIDITY CAPTURED BY PROCEDURE AND DIAGNOSIS COUNTS
Comorbidity is one of the most commonly cited risk factors for Clostridium difficile infection (CDI), and specific comorbidity indicators have previously been used as measures of comorbidity. In our univariable results, all but one of the comorbidities (drug abuse) was associated with an increased risk of CDI. This is expected in that comorbidities should increase the risk of hospital-acquired disease. In a multivariable model, 22 of the comorbidities were associated with a significant increased risk of CDI, whereas only drug abuse was associated with a significant decrease in risk. However, when the model included the total number of procedures (NPR) and total number of diagnoses (NDX), 13 of the comorbidity indicators were associated with a significant decreased risk of CDI, whereas only 8 of the comorbidity indicators were associated with an increased risk. This suggests that NPR and NDX, when included in the multivariable analysis, also capture some of the CDI risk associated with comorbidity. However, when NPR and NDX were not included in the model, the quality of fit for the model diminished substantially. Moreover, NPR and NDX were 2 of the most highly significant predictors of CDI in the multivariable model, in terms of both statistical significance (eg, P value) and effect size. Because our primary objective was to evaluate CDI incidence as a risk factor, we opted to include both NPR and NDX in the final specification.
These findings, when NPR and NDX were added and removed from the multivariable model, are suggestive of 2 points. First, as hypothesized, the variables for NPR and NDX appear to capture some of the CDI risk associated with disease severity and comorbidity. Not only were NPR and NDX highly significant, they appear to better capture some of the CDI risk than many of the individual comorbidity indicators themselves. Second, many of the specific comorbidities that may, at first glance, appear to be risk factors for CDI appear to be protective when controlling for disease severity captured by NPR and NDX. Therefore, failing to include these, or similar measures of severity, may lead to an inappropriate interpretation of risk factors for CDI.
